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ABSTRACT
Two experiments evaluated the inclu-
sion of urea in distillers dried grains sup-
plements. In Exp. 1, 60 Angus heifers
(278 ± 16 kg) were individually fed diets
consisting of 58% ground corn cobs,
12% sorghum silage, and 30% distillers
dried grains (DM basis) in Calan elec-
tronic gates. Urea replaced distillers dried
grains at 0, 0.4, 0.8, 1.2, or 1.6% of
diet DM. In Exp. 2, 48 crossbred heifers
were fed meadow hay ad libitum and
1.4 kg (DM) distillers dried grains to
which was added either 0 or 45 g urea/
heifer daily. In both experiments, no re-
sponse in animal weight gain or feed ef-
ficiency was observed when urea was
added to the diet. Based on retrospective
NRC (1996) model analysis of diets, me-
tabolizable protein was in excess of re-
quirements. Lack of response in animal
performance may indicate lack of rumen
degradable protein deficiency or sufficient
N recycling to correct a rumen degrad-
able protein deficiency. These studies in-
dicate adding urea to distillers dried
grains is not necessary when fed as a
supplement in forage-based diets.
Key words: supplementation, nitro-
gen recycling, cattle, distillers grains,
forage
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INTRODUCTION
Distillers dried grains (DDG) are a
source of energy, phosphorus, and
RUP (Stock et al., 2000), making it a
desirable supplement for growing cat-
tle consuming forage-based diets
(Klopfenstein, 1996; McDowell, 1996;
Caton and Dhuyvetter, 1997). Tradi-
tionally, DDG are included in beef
cattle diets at levels sufficient to meet
the animal’s protein requirement.
However, production of DDG is in-
creasing and at times there is finan-
cial incentive to include DDG at lev-
els that exceed the animal’s protein
requirement to increase dietary en-
ergy content.
Balancing diets of growing beef cat-
tle for metabolizable protein (MP)
can be beneficial (Patterson et al.,
2003). Because DDG contain approxi-
mately 65% RUP (% of CP), forage-
based diets that contain more than
about 15% DDG (DM basis) are com-
monly deficient in RDP but contain
excess MP according to the NRC
(1996) model. The NRC (1996) model
output is dependent upon input val-
ues that may not be accurately
known for low quality forage-based
diets (i.e., microbial CP production),
and the degree of RDP deficiency (if
any) is difficult to ascertain. Addition-
ally, cattle convert excess MP to urea,
which is potentially recycled to the
rumen and can serve as a source of
RDP (Huntington and Archibeque,
2000). Recycling of excess MP sup-
plied by DDG could help alleviate a
potential RDP deficiency, but the
NRC (1996) model does not account
for net N recycling. Many factors in-
fluence urea recycling, and the
amount of urea recycled to the ru-
men when DDG are included in for-
age-based diets is not known. There-
fore, the degree of RDP deficiency is
not known. The objective of these ex-
periments was to determine if supple-
mental RDP is required in forage-
based diets in which DDG are fed at
levels in excess of the MP require-
ment. Some degree of N recycling
was expected but recycled N may not
be sufficient to meet the RDP require-
ment and therefore some level of sup-
plemental RDP may be necessary.
MATERIALS AND METHODS
Experiment 1
This experiment was conducted at
the University of Nebraska-Lincoln,
Agriculture Research and Develop-
ment Center near Mead, NE. Animal
use and management were in accor-
dance with University of Nebraska In-
stitutional Animal Care and Use Com-
mittee guidelines. Sixty yearling, An-
gus heifers (BW 278 ± 16 kg) were
stratified by BW and then assigned
randomly to 1 of 5 treatments. Treat-
ments were designed to correct 0, 33,
67, 100, and 133% of the NRC (1996)
predicted RDP deficiency of the base
diet using default model values for
RUP digestibility and book value
DDG TDN content. This was accom-
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Table 1. Ingredient composition of supplements (% of DM) used in
Exp. 1 and 2 in which 0, 33, 67, 100, or 133% of the NRC-predicted
RDP deficiency was met with supplemental urea
Exp. 11 Exp. 22
Ingredient 0 33 67 100 133 0 100
Distillers dried grain 95.59 94.26 92.92 91.59 90.26 94.28 91.78
Molasses — — — — — 2.90 2.90
Urea — 1.33 2.67 4.00 5.33 — 2.50
Limestone 3.16 3.16 3.16 3.16 3.16 1.60 1.60
Salt 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Trace mineral premix3 0.17 0.17 0.17 0.17 0.17 0.16 0.16
Melengesterol acetate 0.05 0.05 0.05 0.05 0.05 — —
Vitamin premix4 0.03 0.03 0.03 0.03 0.03 0.06 0.06
1Supplement comprised 30% of the diet.
2Supplement comprised approximately 25% of the diet.
3Contained (g/kg of premix): 130 Ca; 10 Co; 15 Cu; 2 I; 100 Fe; 80 Mn; and 120
Zn.
4Contained (per kilogram of premix) 29.9 million IU of vitamin A, 6.0 million IU of
vitamin D, and 7,000 IU of vitamin E.
plished by including urea at 0, 0.4,
0.8, 1.2, or 1.6% of diet DM. Heifers
were individually fed with Calan elec-
tronic gates (American Calan, North-
wood, NH) for ad libitum consump-
tion of a diet consisting of 58%
ground corn cobs and 12% sorghum
silage. The remaining 30% of the diet
was the appropriate DDG-based sup-
plement described in Table 1.
Heifers were limit-fed a common
diet at 1.75% BW for 5 d at the begin-
ning and for 5 d at the end of the
84-d experiment. Heifer BW was re-
corded on each of the last 3 d of
both limit-feeding periods. Heifers
were allowed ad libitum intake of wa-
ter during the experiment including
the limit-feeding periods. Beginning
on d 46 of the experiment, approxi-
mately 50 mL of urine was spot-col-
lected from each heifer for 5 consecu-
tive days prior to morning feeding.
Urine samples were immediately fro-
zen and stored at −20°C until analy-
sis, whereupon they were composited
by animal and analyzed for creatinine
and purine derivative concentrations
by high performance liquid chroma-
tography (Waters Breeze System, Wa-
ters Corp., Milford, MA) according to
the procedure of Shingfield and Offer
(1999). The ratio of allantoin to creati-
nine was used to make relative com-
parisons among treatments of micro-
bial CP production (Shingfield, 2000).
Feedstuffs used in the experiment
were analyzed for DM, OM (AOAC,
1990), N (Leco Corp., Henderson,
NV), in-situ RUP content (Klop-
fenstein et al., 2001), and IVDMD us-
ing a modified Tilley and Terry
(1963) procedure with the addition of
1 g of urea to the buffer (Weiss, 1994;
Table 2).
Level 1 of the NRC (1996) model
software was used to perform a retro-
spective analysis to quantify RDP de-
ficiency and amount of excess MP
available to be recycled. To accurately
estimate MP supply, both the TDN
content and RUP digestibility of the
diet were considered. Total digestible
nutrient composition of sorghum si-
lage and corn cobs were calculated
from IVDMD values. The TDN value
of DDG is superior to corn in forage-
based diets (Loy et al., 2003), but this
is due in large part to lipid content.
Neither the lipid (Jenkins, 1993) nor
RUP content of DDG is a source of
fermentable energy in the rumen;
therefore, they were not allowed to in-
flate the dietary TDN concentration
when calculating microbial CP pro-
duction. Distillers dried grains has
about 63% as much carbohydrate as
corn (NRC, 1996). If corn is 90%
TDN, then the ruminally effective
TDN of DDG is about 57%. There-
fore, we used a TDN value of 57% for
DDG in our retrospective analysis
and used the NE adjuster to correctly
model animal BW gain. The NRC
(1996) model assumes a RUP digest-
ibility of 80% regardless of source. Re-
cent research has demonstrated RUP
in forage to be less digestible than
80% (NRC, 2001). The RUP digestibil-
ity values used in this evaluation
were 52% for corn cobs, 36% for sor-
ghum silage, and 90% for DDG (Mac-
Donald et al., 2005).
Data were analyzed using the
MIXED procedures of SAS (SAS Inst.
Inc., Cary, NC) as a completely ran-
domized design using animal as the
experimental unit. Orthogonal poly-
nomials were used to evaluate the re-
sponse to level of supplemental RDP.
Experiment 2
This experiment was conducted at
the University of Nebraska-Lincoln,
Gudmundsen Sandhills Laboratory
near Whitman, NE. Animal use and
management were in accordance
with University of Nebraska Institu-
tional Animal Care and Use Commit-
tee guidelines. Forty-eight yearling,
crossbred heifers (BW 205 ± 20 kg)
were stratified by BW and assigned
randomly to 1 of 8 pens. Pens were
then assigned randomly to 1 of 2 sup-
plement treatments, resulting in 4
pens per treatment. Heifers were fed
for ad libitum consumption of grass
hay (Table 2) and supplemented with
either 1.4 kg DDG/heifer daily (DM
basis) or 1.4 kg DDG plus 45 g of
urea/d per heifer (Table 1). This was
the amount of urea required to meet
the NRC (1996) predicted RDP re-
quirement. Heifers were weighed on
2 consecutive days at the beginning
and end of the 84-d trial without lim-
iting intake. Beginning on d 55 of
the experiment, approximately 50
mL of urine was spot-collected from
each heifer for 3 consecutive days
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Table 2. Chemical composition (± SD) of feedstuffs
Exp. 11 Exp. 2
Item SS CC DDG Hay DDG
DM, % 34.6 ± <0.1 88.8 ± <0.1 90.5 ± <0.1 91.3 ± <0.1 91.1 ± <0.1
OM, % 93.1 ± <0.1 98.1 ± <0.1 97.7 ± <0.1 90.5 ± <0.1 95.8 ± <0.1
IVDMD, % 68.1 ± <0.1 51.5 ± <0.1 — 58.1 ± <0.1 —
TDN,2 % 61.0 48.0 57.0 54.0 57.0
CP, % DM 9.4 ± 0.2 4.6 ± 0.3 31.5 ± 0.2 7.4 ± <0.1 31.1 ± 0.7
RUP,3 % CP 20.0 91.0 56.0 19.5 56.0
RUP digestibility,4 % 36.0 52.0 90.0 21.0 90.0
1SS = sorghum silage, CC = corn cobs, DDG = distillers dried grains.
2TDN of sorghum silage, corn cobs, and hay calculated from IVDMD and ruminally effective TDN of distillers dried grains relative
to corn.
3Estimated in situ according to Klopfenstein et al., 2001 except in hay (NRC, 1996).
4RUP digestibility from MacDonald et al. (2005) and Haugen et al. (2006).
prior to morning feeding. Urine sam-
ples were composited by animal and
analyzed as described in Exp. 1.
Retrospective analysis of MP supply
and RDP deficiency was conducted us-
ing Level 1 of the NRC (1996) model
as explained for Exp. 1. The RUP
value of the hay was 19.5% of CP
and digestibility of RUP was 21%
(Haugen et al., 2006; Table 2).
Data were analyzed using the
MIXED procedures of SAS (SAS Inst.
Inc., Cary, NC) as a completely ran-
domized design. The model included
the effect of treatment and pen was
used as the experimental unit.
Table 3. Performance and allantoin to creatinine ratios in urine of heifers fed diets in which 0, 33, 67, 100, or
133% of the NRC-predicted RDP requirement was met with supplemental urea (Exp. 1)
Treatment Contrasts2
Item 0 33 67 100 133 SEM1 L Qd C Qt
Initial BW, kg 278.7 277.3 279.3 279.9 279.0 5.0 0.84 0.98 0.74 0.90
Final BW, kg 319.0 316.4 314.7 318.5 318.4 6.7 0.97 0.67 0.82 0.80
ADG, kg/d 0.48 0.47 0.42 0.46 0.47 0.03 0.79 0.29 0.96 0.42
DMI, % BW 1.78 1.80 1.80 1.80 1.78 0.01 0.98 0.04 0.73 0.75
G:F, kg:kg 0.093 0.090 0.081 0.088 0.090 0.006 0.69 0.23 0.96 0.35
Allantoin to creatinine ratio 0.99 0.95 0.93 0.93 0.90 0.04 0.07 0.81 0.52 0.82
1Pooled SE of treatment means, n = 12 heifers/treatment.
2Observed significance level for orthogonal contrasts: L = linear, Qd = quadratic, C = cubic, Qt = quartic.
RESULTS AND DISCUSSION
In Exp. 1, heifer ADG did not differ
among treatments. Similarly, total
DMI and feed efficiency did not differ
(Table 3). We hypothesized heifers
consuming the 0, 33, and possibly
the 67% diets would exhibit reduced
ADG compared with the 100 and
133% diets because of a dietary RDP
deficiency. This was not the case,
however, as no differences in perfor-
mance were observed. One explana-
tion for this lack of difference is suffi-
cient endogenously produced urea be-
ing recycled to the rumen to meet
RDP requirements in all treatments.
The NRC (1996) model sets the RDP
requirement equal to microbial CP
production. In this experiment we
measured the allantoin to creatinine
ratio in the urine to make relative
comparisons of microbial CP produc-
tion among treatments (Shingfield,
2000). Allantoin to creatinine ratio
did not increase and actually tended
to linearly decrease (P = 0.07) as sup-
plemental RDP increased. The rela-
tionships among treatments for allan-
toin to creatinine ratios observed in
this study agree with the perfor-
mance data and suggest microbial CP
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production was not reduced in the
RDP deficient diets.
A second explanation for a lack of
difference among treatments is the in-
existence of a RDP deficiency even in
the control diet, which did not con-
tain exogenous urea. However, based
on a retrospective analysis this does
not appear to be the case. In an effort
to precisely quantify RDP balance we
performed a retrospective analysis us-
ing level 1 of the NRC (1996) model
software and used actual animal per-
formance, intake, and nutrient analy-
ses as inputs. Variables used as inputs
as well as outputs generated from the
model are reported in Table 5. Ac-
cording to this retrospective analysis,
heifers not fed supplemental urea
were 108 g/d deficient in RDP but
were fed an excess 143 g/d of MP in
Exp. 1. The NRC (1996) model soft-
ware assumes the RDP requirement is
met when calculating MP balance.
When the MP balance was corrected
to account for MP not supplied by
the RDP deficiency (74 g/d), there
was not sufficient excess MP to cor-
rect the RDP deficiency. The effi-
ciency of conversion of MP to net
protein (NP) is assumed by the NRC
(1996) model to be about 50%. Me-
tabolizable protein not converted to
NP should be available to be recycled
to the rumen and could explain the
results of this study. The MP require-
ment for gain was 147 g/d. If 50%
was converted to NP, then 73 g/d
should have been available for recycl-
ing. This 73 g/d plus the excess MP
of 74 g/d (147 g/d) is greater than the
RDP deficiency (108 g/d).
In Exp. 2, heifer ADG did not differ
(P = 0.17) between treatments. Like-
wise, total DMI (P = 0.85) and feed ef-
ficiency (P = 0.34) were not different
(Table 4). Allantoin to creatinine ratio
(P = 0.65) was also similar between
treatments. Retrospective analysis of
Exp. 2 using observed animal perfor-
mance, intake, and feedstuff analysis
indicated the calves were not RDP de-
ficient (Table 5). Therefore, one
would not expect a response to
added urea (RDP). The control diet
was designed to be RDP deficient;
Table 4. Performance and allantoin to creatinine ratios in urine of
heifers fed diets in which 0 or 100% of the NRC-predicted RDP
requirement was met with supplemental urea (Exp. 2)
Treatment
Item 0 100 SEM P-value
Initial BW, kg 205 204 0.4 0.10
Final BW, kg 263 266 1.9 0.38
ADG, kg 0.69 0.74 0.02 0.17
DMI, kg 6.8 6.7 0.3 0.85
G:F, kg:kg 0.102 0.111 0.005 0.34
Allantoin to creatinine ratio 0.81 0.82 0.03 0.65
however, 3 factors changed from the
perspective analysis to the retrospec-
tive analyses. The CP content of the
hay and therefore RDP content was
higher than estimated, and the RDP
content of the DDG was higher than
estimated when planning the study.
Additionally, the TDN value for DDG
was lowered from 90 to 57% in the
retrospective analysis to account for
the energy components of DDG that
are not available to be fermented in
the rumen. If 90% TDN is used for
DDG in the retrospective analysis, a
RDP deficiency of 29 g/d is predicted.
Few studies examine the value of
using protein sources high in RUP to
meet RDP requirements. This is likely
Table 5. Diet evaluation using the NRC (1996) model in which 0, 33,
67, 100, or 133% of the predicted RDP requirement was met with
supplemental urea
Exp. 1 Exp. 2
Item 0 33 67 100 133 0 100
Inputs
TDN, % 70 70 69 69 69 64 64
CP, % 12.6 13.6 14.6 15.6 16.6 11.8 13.6
NE adjuster, % 100 98 95 101 103 91 96
Outputs
RDP balance, g/d −108 −48 13 73 133 31 157
MP1 balance, g/d 143 139 134 130 125 77 74
Corrected MP balance,2 g/d 74 108 — — — — —
1MP = metabolizable protein.
2The NRC (1996) model software assumes the RDP requirement is met when
calculating MP balance; therefore, the corrected MP balance accounts for MP not
supplied by the RDP deficiency.
because RDP sources, such as urea,
tend to be less expensive than RUP
sources (DelCurto et al., 2000). How-
ever, evidence of excess RUP satis-
fying RDP deficiencies exist (Hunting-
ton and Archibeque, 2000). Bohnert
et al. (2002) fed an 82% RDP supple-
ment at levels sufficient to meet RDP
requirements and an equal amount
(N basis) of a 60% RUP supplement
to cows fed moderate quality (5% CP)
hay. Cow BW and BCS change were
similar between treatments. In a com-
panion experiment where the same
supplements were fed to sheep, NDF
digestibility was not decreased but
rather was increased when the high
RUP supplement was fed (Bohnert et
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al., 2002). Ferrell et al. (1999) fed
wethers supplements containing ei-
ther RUP (blood meal and feather
meal combination) or RDP (urea) at
similar CP levels. Diet OM digestibil-
ity was greater in supplemented weth-
ers compared with unsupplemented
controls but was not different be-
tween RUP and RDP supplements.
One explanation for these results is re-
cycling of endogenous urea.
IMPLICATIONS
Providing urea to meet the de-
graded intake protein deficiency did
not improve ADG, intake, or feed ef-
ficiency in either experiment. These
results indicate supplemental de-
graded intake protein is not necessary
when DDG are fed to satisfy CP re-
quirement or given as an energy
source in forage-based diets. This
means producers can purchase and
feed DDG as a commodity regardless
of whether the reason for no differ-
ence in treatments is a lack of RDP de-
ficiency or sufficient N recycling.
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